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Standard Test Method for Determination of
Moisture-Density Relation of Soils*

1. Scope.

This method is used for determining in the labora-
tory the relation between the moisture content of a soil
and its dengity (oven-dried mass per ft') when the soil
is compacted as specified herein.

2. Apparatus.

2.1 Cylinder mold. A mold, 6 in. in diameter and
7 in. high, provided with a collar extension about 2 in.
long and a detachable metal base plate. The mold-and-
collar assembly should be constructed so that it can be
fastened firmly to the detachable baseplate and can be
used in Cdlifornia Bearing Ratio (CBR) tests. Figure
1 shows a satisfactory mold for moisture-density tests.

2.2 Sacer disk. A metal spacer disk, 5.94in. in
diameter and 2.5 in. thick, for use as a false bottom in
the mold during compaction of the test specimen (see
Figure 1).

2.3 Compacting hammer or tamper. A compacting
tamper of the dliding-weight type, as shown in ASTM
D 1557, having a 2-in.- d|ameter stedl gtriking face, a
10-Ib mass, and an 18-in. fal. The striking ace and
mass shall be so constructed that tamping blows can be
applied adjacent to the sides of the mold. The maxi-
mum alowable mass of the assembled compaction
hammer is 17.5 Ib.

2.4 Sraightedge. A stedl straightedge, 12 in. long.

2.5 Balances. A baance or scale of 25-1b capacity
sengitive to 0.01 Ib (or equivalent metric balance), and
a 200-g-capacity balance sengitive to 0.1 g.

2.6 Drying oven. A thermostaticaly controlled
drying oven capable of maintaining temperature of 110
°C plusor minus5 °C. (221 °F to 239 °F).

2.7 Seves. A 4.75-mm (No. 4) seve and a 19.0-
mm (3/4-in.) Seve conforming to ASTM E 11.

2.8 Mixing tools. Miscellaneous tools such as
mixing pan, spoon, trowel, spatula, or a mechanical de-

vice for thoroughly mixing the sample of soil with in-
crements of water.

Note. It is convenient, but not essentia, to have a
mechanical device for removing the compacted 0ils
from the mold. Such a device may consist of a closed,
cylindrical deeve dightly less than 6 in. in diameter, or
a piston of like diameter actuated mechanicaly or by
hydraulic or ar pressure.

3. Specimen.

3.1 Sze of sample. The amount of material re-
quired for the compaction test will vary with the kind,
condition, and ?r ation of the material to be tested but
will generally fal within the following limits:

o
CYLINDER WITH COLLAR

Figure 1. Cylinder mold assembly

* Formerly MIL-STD-621A. Method 100, 22 December 1964.
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a. Fine-grained soils, 75to 100 |b.
b. Granular soils, 100 to 200 Ib.

3.2 Preparation of test specimen. Dry the soil
sample, as received from the field, until it becomes fri-
able-under a trowel. Drying may be done in the air or
by use of drying apparatus provided the temperature of
the sample does not exceed to 60 °C. (140 °F). Bresk
up the soil thoroughly but in such a manner as to avaid
reducing the size of the individua particles. Granular
soils, stone, or gravel containing particles larger than
3/4 in. must be processed by removing al materia
larger than 3.4 in. and replacing this with an equal per-
centage by weight of materia passing the 3.4-m sieve
and retained on the 4.75-mm (No. 4) sieve. The per-
centage of materid finer than the 4.75-mm (No. 4) Seve
thus remains constant.

3.3 Mixing. First, separate the sample into por-
tions for each point desired on the compaction curve.
Add the desired amount of mixing water for each com-
paction test specimen, mix well, place the materia in
a container, cover with an airtlght cover, and dlow to
cure for 24'h. A shorter curi ng time may be used where
tests show that shortening the curing time will not affect
the results. Redetermine the moisture content if appre-
ciable condensation forms on the wall of the container.
Use a separate, fresh portion of materia for each speci-
men; do not reuse any material.

4. Procedure.

4.1 Assembly of mold. Clamp the 6-in.-diameter
mold with detachable collar extension to the baseplate,
and insert the spacer disk in the baseplate. Place a
coarse filter paper on top of the disk.

4.2 Compacting. Place the mold on a concrete
floor or pedestal during compaction. Place the soil in
the mold in five layers of equa thickness (as nearly
equal as practicable), with each layer receiving the
specified compaction effort (number of blows of the
tamper). The thickness of these layers should be such
that after compaction the total thickness of the sample
is not less than 4.6 in. nor more than 5.0 in.

Note  To assure conformance with the specified
thickness, average total thickness may be determined by
determining the mass of the trimmings (see below) and
computing total thickness on the basis of wet density of
trimmed sample.

After the specimen has been compacted, remove
the callar from the mold, and carefully trim and smooth
the compacted soil flush with the top of the cylinder.
For cohesive materials, the moisture content tested shall
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range from below to above the estimated optimum; for
cohesionless materids, it shall range from air-dried to
as high as practicable. Height of fall of the hammer
(18in.) must be controlled carefully and the blows dis-
tributed uniformly over the specimen.

4.3 Compaction effort. The following tabulation
lists the compaction efforts commonly used in deter-
mining moisture-density relations and in preparing
specimens for CBR tests. Other compacting efforts
may be used for special purposes as required.

Compaction

Compaction Blows per | effort ft-Ibfcu ft

effort dedgnation| layer  |of compacted soil’
CE 55..... 55 55,000
CE 26..... 26 26,000
CE 12... 12 12,000

'Basad on a sample height, after compaction but
before trimming, of 4.6 in., which will result in the
maximum  compection effort within the allowable
tolerance for totd thickness,

Note: The compaction efforts designated CE 12 and
CE 55 are gpproximately the same as those indicated in
ASTM D 698 and D 1557, respectively, and AASHTO
T 99 and T 180, respectively. here are some
differences between the procedures specified for soil
preparation by the CE method and those specified by
the ASTM and AASHTO methods. The CE method
also specifies sole use of the 10-Ib dliding weight
hammer with a 6-in.-diameter mold, while the ASTM
and AASHTO methods allow use of 4-in.- and
6-in.-diameter molds with a 5.5-b deeve-type hammer
being used for ASTM D 698 and AASHTO T 99 efforts
and a 10-Ib deeve-type hammer being used for ASTM
D 1557 and AASHTO T 180 efforts.

4.4 Moisture content sample. Detach the baseplate
and remove the compacted specimen from the mold and
dice it verticaly through the center. Take a repre-
sentative specimen of the material from each of the two
parts and determine the water content of each (follow
ASTM D 2216). The water content specimens shall
weigh not less than 100 g. For granular sails, the entire
compaction specimen may be used for the water content
determination. In this case, the wet weight of specimen
for use in computing water content should be redeter-
mined &fter the specimen is extruded from the compac-
tion mold because some loss of materia may occur dur-
ing transfer of the specimen.
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5. Calculations.

The computation sheet, Figure 2, shows the step-
by-step procedures for calculating the moisture content
as well as both the wet and dry densities of the com-
pacted soil specimen.

6. Moisture-Density Relation.

6.1 Plotting. Plot the dry denditiesin Ib/ft'as or-
dinates and the corresponding moisture contents as ab-
scissas. Figure 3 shows atypical plot of compaction
results for the three designated compacting efforts. To
aid in determining the validity of the compaction data,
asemilog plot of maximum dry density versus com-
paction effort may be made as illustrated in Figure 3.
This relation is usualy a straight line when plotted as
illustrated. Using the specific gravity of the materia
involved, a zero percent air voids curve can be plotted
using data from Table 1. This relation to the moisture-
dengity curves gives an idea of percent saturation for
the compaction curves and provides a check on the va-
lidity of the wet side of the compaction curves.

6.2 Optimum moisture content. When the mois-
ture-dengity relations have been determined for a soil
and the results have been plotted as described in 6.1,
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Figure 2. Computation sheet
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connect the plotted points with a smooth line. The
moisture content corresponding to the pesk of the curve
is the optimum moisture content for the specific com-
paction effort. Report this value to the nearest 0.1 per-
cent and indicate the compaction effort; e.g., CE 55
optimum moisture content equals 14.4 percent.
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6.3 Maximum dry density. The dry weight in
pounds per cubic foot of the soil at optimum moisture
content Is termed the maximum dry density for the spe-
cific compaction effort. Report this value to the nearest
0.1 Ib/ft'and indicate the compaction effort: e.g., CE
55 maximum dry density equals 116.9 Ib/ft.
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Table 1
Data for Zero Air Voids Curve
Specific . . ; . . ]
Gravity Water Content, w, in Percent of Dry Weight for Dry Unit Weight, Y ,, in Pounds per Cubic Foot of
of Soil 50 55 60 o5 /0 7580 85 90 95 100 105 110 115 120 125 130 135 140 145
240 624 544 475 416 364 318 277 249 208 178 151 126 104 83 64 45 29 14
245 632 552 484 424 372 326 286 248 216 186 1590 135 1.2 91 72 54 a8 22
250 641 561 492 432 380 335 204 257 224 195 168 143 120 99 80 62 - 48 31
251 842 5682 494 434 382 336 205 259 28 i08 189 145 122 101 a2 64 48 32
2852 844 564 405 436 384 338 207 260 228 198 171 146 124 103 83 68 49 34
253 645 565 407 437 385 339 298 262 229 189 172 148 125 104 85 67 51 35
647 567 408 439 387 341 300 264 231 209 174 149 127 106 87 68 52 87
848 568 500 440 388 342 302 285 282 202 175 151 128 107 ss 7o 54 28
850 570 SO1 442 390 344 303 267 234 204 177 152 130 109 90 72 55 40
85.1 571 50.3 443 1 345 30.5 %8 235 206 178 154 131 1.0 9 73 57 42
653 573 S04 445 303 347 06 270 217 207 180 155 133 112 93 75 58 4a
654 574 508 440 4 M8 08 271 238 209 18.1 187 134 13 94 76 6.0 45
260 86.4 751 LX) 576 50.7 448 296 350 09 273 240 210 183 158 136 1"s X 78 8.1 48
261 866 752 657 s7.7 500 449 307 351 a1 274 2414 232 184 160 137 16 2.7 79 6.3 48
282 887 753 659 570 S10 451 3090 353 22 276 243 21.3 186 161 139 118 90 81 64 49
283 888 755 660 880 512 452 400 354 314 277 244 214 187 163 140 118 100 82 86 50
264 870 758 88.2 58.2 $13 454 402 356 NS 278 248 216 189 164 142 121 10.1 84 87 52
2865 871 758 683 583 515 455 403 357 316 280 247 217 190 166 143 122 103 85 60 53
268 873 750 685 S85 518 457 405 359 318 281 248 218 192 167 144 124 104 87 70 55
267 874 781 666 586 317 458 406 360 319 283 250 220 193 1868 146 125 106 88 71 56
268 876 762 667 587 S10 459 407 361 321 284 251 222 194 170 147 126 107 88 73 S8
269 877 763 86.0 s89 520 461 409 383 22 286 253 23 196 171 149 128 109 21 74 59
270 878 765 670 %0 S22 462 410 2384 323 207 254 224 197 173 150 128 HQ 92 76 60
27 880 786 672 S92 523 483 411 388 325 208 255 226 199 174 151 130 111 93 77 62
272 881 768 €73 503 524 45 413 387 326 200 257 27 200 175 18.3 132 11®3 o5 78 83
273 882 769 674 S04 528 486 414 368 327 201 258 228 201 177 154 133 14 96 80 64
274 884 770 678 06 %27 487 415 370 329 202 259 230 203 178 155 134 115 07 81 66
278 885 772 677 7 528 489 417 371 330 204 261 231 204 179 157 136 117 99 B2 67
276 888 773 678 508 530 470 418 372 831 205 262 232 205 181 158 137 118 100 84 68
277 888 774 680 600 531 471 419 374 333 206 263 234 207 182 158 138 119 101 85 70
278 880 775 881 603 532 473 421 375 334 208 265 235 208 183 161 40 121 103 88 71
279 80 777 682 602 534 474 422 376 3]3S 200 266 23§ 209 185 162 141 122 104 88 72
2,60 @92 778 683 603 538 475 423 377 337 300 267 238 210 186 163 142 123 105 8O 74
261 893 778 685 605 536 477 425 379 338 301 268 229 212 187 164 144 124 107 90 75
262 804 781 ©86 608 537 478 426 380 339 303 270 240 213 188 166 145 126 108 91 76
263 895 782 687 807 530 470 427 381 340 304 273 241 214 190 167 146 127 109 93 77
284 807 783 688 608 S40 480 428 382 342 305 272 243 215 191 1868 147 128 110 94 79
2485 808 784 600 B1D 541 482 430 384 343 306 273 244 217 192 168 148 129 112 95 80
286 809 785 801  B11 542 483 431 385 344 308 U5 245 2.8 193 171 150 131 113 06 81
287 900 7BE 802 612 S44 484 432 386 345 309 U6 246 219 195 172 151 132 114 88 82
280 901 768 €93 613 S45 485 433 387 347 30 277 247 220 196 173 152 133 1S5 99 83
289 003 789 605 615 546 486 434 309 348 31 278 248 222 197 174 153 134 116 100 85
290 904 790 1) 616 547 488 436 %0 ue a2 28.0 250 223 198 17.6 155 135 118 104 86
295 910 786 702 622 553 493 441 396 355 318 285 256 229 204 181 160 141 123 (07 92
3.00 s a2 707 627 559 400 447 401 360 324 21 261 234 210 18.7 186 147 129 1m3 97
305 921 807 713 833 564 SO5 453 407 D366 320 206 267 240 215 192 1722 152 135 118 103
315 931 818 723 643 674 515 463 417 376 340 907 277 250 225 203 182 163 145 128 113

Note: Zero sir voids curve equivaiant to a degres of saturation, S, equal to 100 percent. Data for 2ero air voids curve computed from the following formula (using a y, value of 62.43):

5=10% =

%

T,

.

The above equation may alsc be Used 1o determine curves epresenting degress of saturation other than 100 percent.
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